Anthracycline anticancer agents, such as Daunorubicin hydrochloride (DAU), are widely used in acute lymphocytic leukemia and various carcinomata cases. These drugs are DNA intercalations; they interact with topoisomerase II and have an inhibitory effect on nucleic acid synthesis. Although these compounds are cardio-toxic (formation of free radicals), some of them exhibit very good anticancer activities. Therefore, it is very important to monitor the plasma or urine concentration level of anthracycline anticancer agents in patients during therapy. Several classical methods have been used for quantitation of the drugs, including measurement of total fluorescence after the liquid extraction, 1,2 thin-layer chromatography with fluorescence detection, 2,3 radioimmunoassay( 3 H), 1,4 spectrophotometry 5 and voltammetry. 6 HPLC with fluorescence, 7-9 laser-induced fluorometry, 10 electrochemical, 11 and MS, 12 detections are used nowadays. However, there is little analysis reported that used visible spectrophotometry. On the other hand, we have already reported on simple and sensitive determination of various organic compounds, by using a metal ion and a dye.
HPLC with fluorescence, [7] [8] [9] laser-induced fluorometry, 10 electrochemical, 11 and MS, 12 detections are used nowadays. However, there is little analysis reported that used visible spectrophotometry. On the other hand, we have already reported on simple and sensitive determination of various organic compounds, by using a metal ion and a dye. [13] [14] [15] Here, we have studied the color reaction based on a ternary complex system among an anthracycline anticancer agent, a triphenylmethane dye and a metal ion. We investigated a simple and highly sensitive spectrophotometric determination of anthracycline anticancer agents with aluminum(III) as a metal ion and Chromazurol S (CAS) as a dye, in the presence of a nonionic surfactant. The proposed method was then applied to assays of DAU and its related drugs in pharmaceutical preparations.
Experimental

Apparatus, reagents and solutions Apparatus.
A Shimadzu (Model UV-160) recording spectrophotometer with 10 mm quartz cells was used for conventional measurements. The pH measurements were made with a Horiba (Model F-11) pH meter in combination with a calomel glass electrode. Reagents and solutions. Daunorubicin hydrochloride (DAU) and other anthracycline anticancer agents, analytical-grade reagents, were purchased from Sigma Chemical Co., and used without further purification. The stock solutions were freshly prepared every week. The working solutions (5.0 × 10 -5 mol dm -3 ) were made by suitable dilution of these stock solutions, as required.
An aluminum(III) solution was prepared by dissolving aluminum plate (99.99% Wako Pure Chemical Co., Ltd.) in 0.1 mol dm -3 hydrochloric acid. A solution (1.0 × 10 -3 mol dm -3 ) of Chromazurol S (CAS) was prepared by dissolving CAS (Wako Pure Chemical Co., Ltd.) in methanol. A solution of polyoxyethylene 20 stearyl ether (Brij 78, Sigma Chemical Co., Ltd.) was prepared in a 1.0% aqueous solution. A buffer solution (pH 6.4) was prepared by mixing 0.4 mol dm -3 acetic acid and 0.4 mol dm -3 sodium acetate solutions. All other reagents and metals were of analytical grade and were used without further purification. Pure water was prepared by purifying deionized water with a Milli-Q-Labo System just before use.
Standard procedure of the determination of DAU
The following components were mixed in a 10 ml volumetric flask: a solution containing 0.028 -2.82 µg ml -1 of DAU, 0.75 ml of a 1.0 × 10 -3 mol dm -3 aluminum(III) solution, 0.75 ml of 1.0% Brij 78 solution, 3.0 ml of a 0.4 mol dm -3 acetic acid and 0.4 mol dm -3 sodium acetate buffer solution, 1.5 ml of a 1.0 × 10 -3 mol dm -3 CAS solution. The mixture was then diluted to 10 ml with water, transferred into a polypropylene test tube, and mixed well and kept at room temperature for 15 min. The absorbance of the resultant solution (solution A) was measured at 615 nm against a reagent blank solution (solution B) prepared in the same way. determination of anthracycline anticancer agents by comparing with the color reactions between aluminum(III) and several triphenylmethane dyes in the presence of DAU at various pH values (ca. pH 4 -8) . A DAU-aluminum(III)-dye solution in the presence of several surfactants exhibited a considerable red shift compared to an aluminum(III)-dye solution in a moderately basic medium: the color reaction was found to be highly sensitive. The coexistence of nonionic surfactant was superior to that of a cationic, anionic or amphoteric surfactant as regards the sensitivity and color contrast between the DAU-aluminum(III)-dye solution and the aluminum(III)-dye solution. The effect of triphenylmethane dyes (CAS analogues) was studied by measuring absorbance.
The maximum absorbance was obtained with CAS for several of the dyes tested: CAS, Pyrocatechol Violet (PV), Chromazurol B (CAB), Ammonium Aurin Tricarboxylate (Aluminon), Xylenol Orange (XO). The sensitivities of these dyes are given in Table 1 .
Optimization of the conditions and absorbance spectra
Of the various buffer solutions tested, the maximum and constant absorbance was obtained in the pH range from 6.3 to 6.6 with 0.4 mol dm -3 acetic acid and 0.4 mol dm -3 sodium acetate buffer solutions.
In order to stabilize the color complex formed and to increase the sensitivity, we examined the effect of the coexistence of several surfactants: nonionic, anionic, amphoteric, cationic surfactants. These tests showed that Brij 78 as a nonionic surfactant was the most effective dispersion agent; the maximum and constant absorbance value could be obtained over the range of 0.20 -1.0 ml of 1.0% Brij 78 solution in a final volume of 10 ml. The results are given in Table 2 .
The effects of the concentrations of CAS and aluminum(III) were examined. A maximum and constant absorbance was observed upon the addition of more than 1.0 ml of 1.0 × 10 -3 mol dm -3 CAS solution, while maintaining a fixed final concentration of aluminum(III) (7.5 × 10 -5 mol dm -3 ); thus 1.5 ml of CAS solution and 0.75 ml aluminum(III) solution were adopted in the final volume of 10 ml.
The effect of the sequence of adding the reagents on the absorbance values was examined. The maximum absorbance was obtained by keeping the addition of CAS solution until last. This color reaction system was occurred instantaneously at room temperature, and the color complex formation was completed within 5 min. Thus, absorbance between solutions A and B, kept at room temperature, remained constant for 90 min. Figure 1 shows the difference spectra under the standard procedure. The absorbance at 615 nm was proportional to the concentration of DAU.
Calibration curves and validations
A calibration curve for DAU was constructed by standard procedure. A good linear relationship was observed over 0.028 -2.82 µg ml -1 of DAU. The effective molar absorptivity (ε) was calculated from the slope of the calibration graph to 1.3 × 10 5 dm 3 mol -1 cm -1 . The relative standard deviation (RSD) for five runs of 1.1 µg ml -1 of DAU was 1.9%. The calibration curves were also constructed for the optimum conditions for other anthracycline anticancer and antibiotics agents: Doxorubicin, Mitoxantron, Idarubicin, Aclarubicin, Minocycline and Doxcycline. The analytical data, e.g. the effective molar absorptivity (ε), linear range (µg ml -1 ), the regression equation (y = ax + b; y, absorbance; x, µg ml -1 ; a, the slope), the correlation coefficient (r), and the relative standard deviation (RSD) for these anthracycline anticancer agents are summarized in Table 3 .
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Interference of foreign substances
The influences of various foreign substances on the determination of DAU were examined. Inorganic ions, such as ammonium, sodium, potassium, calcium(II), magnesium(II), zinc(II), manganese(II), chloride, nitrate, sulfate and phosphate ions, did not noticeably affect the accuracy of the determination of DAU, even when these ions were present in large excess amounts compared with that of DAU. Among foreign substances, the presence of iron(III), iron(II) and copper(II) resulted in a slight increase or decrease. A fairly large error appeared in the presence of a hard base in HSAB rule (fluoride ion) at low concentration because of a complex formation between fluoride ion and aluminum(III). The presence of organic substances, such as glucose, lactose, sucrose, urea, glycine, caffeine, thiamine, pyridoxine, maleic acid and salicylic acid, interfered very little. The results are summarized in Table 4 .
Application
The proposed method was applied to the determination of DAU and its related drugs in injection. An appropriate amount of sample injection was diluted with water without any pretreatment and the contents in a diluted solution were assayed by the standard procedure. The accuracies of the proposed method were checked by a through replicate analysis of each sample.
Neat standards were prepared under the same conditions. The recoveries of the added quantity were about 98 -99%. This indicates that the proposed method gives accurate results. These results are given in Table 5 . On the other hand, recovery of DAU added to calf serum was examined. The result of recovery of DAU was satisfactory, about 101.7% (RSD = 3.7%: n = 3).
In conclusion, a simple and highly sensitive spectrophotometric method for anthracycline anticancer agents, such as DAU, was established with CAS and aluminum(III) in Brij 78 micellar medium. This procedure is based on the ternary complex formation among DAU, aluminum(III) and CAS. The proposed method was more sensitive and reproducible than the spectrophotometric method. 5 This method, owing to no need for solvent extraction, was applied to assays of anthracycline anticancer agents in pharmaceutical preparations with satisfactory results. Though further investigations are necessary to confirm the application of this method to a variety of samples, the developed procedure is suitable for the routine analysis of anthracycline anticancer agents in real samples.
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